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The starting dose of levothyroxine in primary hypothyroidism treatment: a prospective, randomized, double-blind trial Introduction Primary hypothyroidism is a common disorder, most prevalent in women and most often caused by autoimmune thyroiditis. Overt hypothyroidism can present with classic symptoms of fatigue, weight gain, cold intolerance, and constipation. Fatigue, one of the major complaints, together with depression, 1 neuromuscular signs and symptoms, 2 and diastolic dysfunction 3 can all lead to an impaired quality of life in patients with hypothyroidism. Furthermore, abnormalities of lipid metabolism, hyperhomocysteinemia, and arterial hypertension occur with increased frequency in hypothyroidism 4, 5 and are associated with an increased risk of premature atherosclerotic vascular disease. 6, 7 Although the treatment of hypothyroidism with levothyroxine, one of the most commonly prescribed drugs, seems effective and simple, recommendations for the starting dose of levothyroxine vary considerably: from 50 μg to a full replacement dose of 1.6 or 1.7 μg/kg in healthy adult patients younger than 65 years and from 25 to 50 μg/d in older patients and patients with known ischemic heart disease. [8] [9] [10] [11] [12] [13] The safety and efficacy of different initial doses of levothyroxine have, to our knowledge, never been studied prospectively. Moreover, in daily practice, many physicians still promote the dogma of "start low and go slow" irrespective of age or patient. This dogma is based on the association of hypothyroidism with ischemic heart disease. 14, 15 Interestingly, and in contradiction to this dogma, high doses of levothyroxine have been given to patients with myxedema coma, a patient group in whom a high prevalence of cardiac ischemia would be expected, without untoward effects. 16 However, when levothyroxine was combined with triiodothyronine (T3) in the treatment of such severely ill patients, fatal outcome has been reported. 9 Several case series and retrospective studies, dating back 4 to 6 decades, have shown considerable variability in the cardiac responses of patients with hypothyroidism to thyroid hormone therapy, ranging from precipitating acute coronary syndromes in patients without previous cardiac symptoms 14, 17 to controlling or even abolishing preexisting angina. 17, 18 These studies can be criticized for being retrospective, cross-sectional, or uncontrolled; for having small numbers of patients; or for using desiccated thyroid preparations that contain differing and therefore unpredictable amounts of both levothyroxine and T3. Levothyroxine is converted into T3 by type 1 deiodinase in the liver. 19 The evidence for local deiodination of total thyroxine (T4) in the human heart by type 2 deiodinase 20,21 and the increased expression of type 2 deiodinase in the mouse heart during hypothyroidism 22 could indicate mechanisms of adaptation in case of low or high serum levels of T4. Most reviews report a period of 4 to 6 months before normalization of plasma thyrotropin and free thyroxine (FT4) levels is attained. [8] [9] [10] [11] [12] A more rapid normalization could be of great benefit to patients with hypothyroidism regarding the reduction of cardiac risk factors, improvement of quality of life, and being less cumbersome for regular visits to the clinics. However, the efficacy and safety of different initial doses of levothyroxine have surprisingly never been studied prospectively in patients with primary hypothyroidism. This prompted us to compare a full initiating treatment dose of levothyroxine (1.6 μg/kg) 23 with the classic approach of "start low and go slow" in a prospective, randomized, double-blind study. The aim of the study was to prove that restoration of plasma thyrotropin and FT4 levels within the normal reference range can be performed with a straightforward highdose regimen without any increased risk of major adverse cardiac events.
Methods

Study participants
All patients with hypothyroidism who presented to our hospital between September 1999 and August 2002 were screened for inclusion. Of these patients, only those with first diagnosed, The 12 symptoms and signs included dry skin, hoarseness, paresthesia, diminished sweating, constipation, impaired hearing, weight gain, delayed ankle reflex, cold skin, slow movements, periorbital puffiness, and coarse skin. The symptoms and signs were quantified as 1 point, meaning present,or 0 points, meaning absent. Two questionnaires were obtained at 0, 12, 24, and 48 weeks. This interval of 12 weeks was chosen to minimize recall bias. The first questionnaire assessed 10 symptoms of hypothyroidism: lack of energy, dry skin, constipation, aches and pains, cold intolerance, poor memory, depression, weight gain, tiredness after waking up, and feeling down. 26 
Cardiac assessment
At every visit, body weight and continuous pulse rate and blood pressure in the resting state were measured by a research nurse, and an electrocardiogram (ECG) was acquired. All 12-lead ECGs were analyzed by 1 cardiologist and scored according to previously published criteria. 28 At baseline, dobutamine stress echocardiography was performed as previously described 29, 30 and analyzed by 2 experienced independent and blinded cardiologists. Myocardial ischemia was defined as the development of new or worsening of preexisting wall motion abnormalities in at least 2 segments of the left ventricle.
A bicycle ergometer (Lode, Groningen, the Netherlands) was used for the bicycle ergometry, which was performed as previously described. 30 During exercise, continuous ECG monitoring was performed. Ischemia was defined as an ST depression of 0.1 mV or more, according to the criteria described by Roelandt et al. 31 Bicycle ergometry was also used to assess exercise tolerance. Therefore, at the start of ergometry, a target performance was assessed for each patient, depending on height, age, and sex, according to general accepted criteria. Exercise tolerance was determined by dividing the maximum achieved workload per patient by his or her target performance. An exercise performance of less than 80% was considered insufficient.
Bicycle ergometry was performed at baseline and repeated at 12 and 24 weeks.
Statistical analysis
All analyses were performed according to the intention-to-treat approach, although no crossovers occurred after randomization. Data are expressed as mean ± SD. Statistical comparisons (differences between full and low starting dose groups) were performed by means of a 2-group unpaired Wilcoxon rank sum test. An unpaired Kruskal-Wallis analysis of variance with repeated measures was performed to detect differences over time. P<0.05 was considered statistically significant.
Results
Study population
Seventy-five consecutive patients with primary hypothyroidism were screened for inclusion, of whom 50 underwent randomization, 25 patients to the high-dose group (thyrotropin <50 mIU/L: n=11; thyrotropin >50 mIU/L: n=14) and 25 patients to the low-dose group (thyrotropin <50 mIU/L: n=14; thyrotropin >50 mIU/L: n=11). Twenty-five patients were excluded because of a history of cardiac disease (myocardial infarction: n=4; angina pectoris: n=5), medication for long-standing hypertension (n=5), unwillingness to participate in the study (n=6), hypothyroidism due to postpartum thyroiditis (n=2), pregnancy (n=1), myxedema (pre)coma (n=1), or unwillingness to follow the study protocol (n=1).
Baseline characteristics of the included and excluded patients are given in Table 1 . None of the patients had minimal hypothyroidism with a thyrotropin level less than 10 mIU/L. The echocardiogram at rest showed normal wall motions in all patients. None of the patients had silent ischemia. During both dobutamine stress testing and exercise testing, none of the patients complained of angina pectoris. Dobutamine stress echocardiography did not demonstrate wall motion abnormalities signifying myocardial ischemia.
Levothyroxine dosage
The levothyroxine dose in the full-dose group was increased slightly from a mean of 128 μg 
Clinical score, questionnaires, and anthropometric parameters
The clinical score and the symptoms of hypothyroidism decreased until 24 weeks of treatment at a comparable rate in both groups (Figure 3 ). The quality of life improved on all 8 scales for both groups (Table 2) , with no significant difference between the full-dose and the low-dose groups. At baseline, the 2 groups differed for the role limits due to physical functioning. We performed a subgroup analysis concerning the responses in patients with a serum thyrotropin level greater than 50 mIU/L and in those with a serum thyrotropin level less than 50 mIU/L, but no difference in outcome was found. Body weight, heart rate, and blood pressure did not change in either group during treatment. 
Comment
Since we did not observe any cardiac adverse events, we believe that it is safe to treat patients with hypothyroidism with a full replacement dose of levothyroxine (1.6 μg/kg) if they have no history of ischemic heart disease. Such a treatment strategy is more practical and convenient for the patients and will make outpatient control more cost-effective.
We excluded patients with a cardiac history from this study. Therefore, the findings of our study are possibly not applicable to patients with coronary artery disease. The patients who were excluded from our study were older; hence, the mean age of included patients was relatively young. However, the included patients represented a wide age spectrum (range, 22-86 years; median age, 46 years). None of the included patients had asymptomatic cardiac ischemia demonstrated by dobutamine stress echocardiography or bicycle ergometry. 30 The prevalence of asymptomatic or silent coronary artery disease in patients with untreated primary hypothyroidism is unknown, but our findings suggest that it might be very low. Although bicycle ergometry may have limited sensitivity and specificity for detection of coronary artery disease (55%-70% and 85%-95%, respectively 32 ), with lowest sensitivity in young women, we also performed dobutamine stress echocardiography in our patients, which is the most specific noninvasive test for assessing coronary artery disease, with a sensitivity and specificity of 80% and 84%, respectively. 29 Our results show that when levothyroxine was given in a full replacement dose of 1.6 μg/ kg, it took approximately 4 weeks for serum thyrotropin and FT4 levels to normalize. This is more rapid than stated in most reports. [8] [9] [10] [11] [12] On the other hand, Spencer et al 33 showed that when levothyroxine was given in a single high dose of 2 mg intravenously, thyrotropin levels declined toward normal within 5 days. Several explanations exist for the observed buildup of a steady state in our patients. First, only approximately 75% of oral levothyroxine is absorbed. 34 Second, in patients with hypothyroidism, serum T3 is derived from T4 by deiodination; therefore, serum T4 levels have to be higher than in patients without thyroid disease. 23 Third, the half-life of serum levothyroxine in patients with hypothyroidism is approximately 10 days; therefore, it takes approximately 5 to 6 weeks to reach steady-state T4 levels. 12 At the end of the study, serum thyrotropin levels had not normalized in all patients. Inadequate treatment has been found to occur in a substantial percentage of patients treated for hypothyroidism. 35 The explanation in our patients could be suboptimal compliance and varying intestinal absorption of levothyroxine. The small but significant difference in final levothyroxine dose between the 2 groups is unexplained. A difference between the 2 randomized groups in compliance or intestinal absorption of levothyroxine seems improbable.
In the reviews on treatment of hypothyroidism, most authors state that the period of normalization of the clinical scores, symptoms, and quality of life is approximately 3 to 6 months. 9, 36 However, the effects of treatment of hypothyroidism on quality of life have been systematically studied only in patients with subclinical hypothyroidism. 37 These studies showed conflicting results and included patients with a variety of causes of hypothyroidism, and methods were not always clearly described. For these reasons, these studies could not be compared with the results of our study. The absence of a more rapid normalization of the clinical scores, symptoms, and quality of life in the high starting dose group is not well understood. It might be that plasma T4 levels do not correspond to tissue T4 levels, as has been shown in rat models, 38 and that most tissues need a longer time for recovery from long-lasting hypothyroidism.
Alternatively, the fact that we did not observe a difference in the rate of improvement in the 2 groups could be explained by adaptations of the metabolism of thyroid hormones in states of hypothyroidism. The local production of T3 from T4 by type 2 iodothyronine deiodinase, particularly in the brain, is increased during hypothyroidism, whereas the degradation of T3 by type 3 iodothyronine deiodinase is reduced, thus prolonging the residence time of T3. 39 However, we might also have missed a more rapid normalization because the questionnaires were not repeated until 12 weeks of therapy.
Our study supports the recommendation of a full replacement starting dose of levothyroxine of 1.6 μg/kg in healthy adult patients younger than 65 years. 9 Moreover, our study also provides evidence that it is safe to treat patients older than 65 years with hypothyroidism with a full replacement dose of levothyroxine if they have no history of ischemic heart disease. We believe that by adopting such a policy, the need for frequent biochemical and clinical monitoring implicit in the "start low and go slow" alternative is obviated. It will further enhance compliance and make outpatient control more costeffective and convenient for the patients. Our study results apply only to patients without suspected silent ischemia. Therefore, it is not known what the starting dose should be in patients with hypothyroidism who have cardiac disease, but it seems prudent to start at a lower dose.
